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(57) ABSTRACT

The present invention relates to cement-containing composi-
tions which are characterized in that they have a proportion of
organosilicon compounds of greater than 0.15% by weight,
based on the proportion of cement, the organosilicon com-
pounds being based on at least one organosilicon compound
selected from the group consisting of the alkoxysilanes and at
least one selected from the group consisting of the alkoxysi-
loxanes, to a process for the preparation thereof and to the use
thereof.
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HYDROPHOBIZED CEMENT-CONTAINING
COMPOSITIONS

FIELD OF THE INVENTION

[0001] The invention relates to novel hydrophobized
cement-containing compositions and a process for the prepa-
ration thereof.

BACKGROUND OF THE INVENTION

[0002] Cement-like materials and compositions, such as,
for example, adhesives, concrete and building materials, pre-
cast concrete parts and concrete ware which can be produced
therefrom, such as, for example, pipes, wall segments or
paving slabs, are frequently used in walls, in floors, in roofs
and the like, or alternatively they are used for the production
thereof. The cement-like materials are frequently exposed to
water which can penetrate into the cement-like materials
since such materials are generally porous. By using suitable
aggregates or additives and formulations which can be pre-
pared therewith, this inherent porosity can be reduced to a
relatively great extent. However, complete avoidance of
porosity cannot usually be achieved. An entire industry is
therefore searching for methods which permit the materials
mentioned above to be made water-repellent and hence to be
protected from water.

[0003] Two methods have proved to be promising, an inter-
nal one and an external one. The internal method consists in
adding a hydrophobing—water-repellent—substance or a
reactive substance which produces a certain water-repellent
effect after reaction or hardening is complete to a liquid
mixture based on cement as a binder prior to hardening.
Commercial substances which have been successfully used to
date for this purpose are fatty acid-based materials, in par-
ticular stearates and oleates. For achieving good hydrophob-
ing (water-repellent) effects, however, the addition of rela-
tively large amounts of hydrophobing or reactive substances
is necessary, and it is for this reason that a marked influence of
these substances on the other material properties of the hard-
ened cement-based materials cannot be ruled out.

[0004] Such achange inthe other material properties can be
substantially ruled out if external methods are used for hydro-
phobing. In these methods, the hydrophobing or reactive sub-
stances are applied to the hardened cement-based materials.
Usually, low-viscosity substances or pastes are used, the
active substances of which can penetrate into the pores, such
as, for example, organosilicon compounds. The low-viscosity
substances or pastes can be used, for example, in the form of
aqueous emulsions. However, the low-viscosity substances or
pastes can also be used as a mixture with other solvents or
even directly if the organosilicon materials are sufficiently
fluid per se. In order to achieve a sufficient water-repellent
effect, multiple treatments of the cement-based materials are
frequently necessary. This and the subsequent treatment of
the hardened materials make the external method relatively
complicated.

[0005] Ithas been proposed to add organosilicon materials
as admixtures to cement-based mixtures in order to combine
the good hydrophobing properties of these substances on the
surfaces on subsequent external impregnation with the advan-
tage of the easy use of stearates and oleates. The organosili-
con materials have been used in the form of aqueous emul-
sions of hydrolysable silicon-hydrogen compounds.
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[0006] In WO 02/090287, this method was further devel-
oped in that an aqueous emulsion of an organosilicon mate-
rial, which emulsion has 0.25 to 4.5% by weight of alkoxysi-
lanes and 0.1 to 2.0% by weight of alkoxysiloxanes, is added
to a liquid cement-based mixture. The proportion of emul-
sion, based on the cement-containing composition, is 0.1 to
2%. The maximum proportion of organosilicon compounds
in the cement-containing mixture is thus 6.5%x2%=0.13%
by weight. The maximum proportion of organosilicon com-
pounds in the cement-containing mixture is thus 0.35%x0.
1%=0.00035% by weight. According to Example C of the
aforementioned publication, an emulsion which has a solids
content of 30% is diluted by addition of 9 parts of water. This
dilute emulsion is used with a proportion of 1.1% by weight,
based on the proportion of cement, in Example C. Thus, the
proportion of organosilicon compounds, based on the
cement-containing composition, is 0.033% by weight.
[0007] Inaddition to the damage to structures and building
materials or products thereof by penetrating water, such as,
for example, damage by frost, and leaching, salt displacement
and spalling due to the formation of salt with water of hydra-
tion, which as a rule are suppressed by the use of in particular
external water repellents, so-called efflorescence will also
occur on various materials of the construction, e.g., exposed
concrete, cast stones or bricks.

[0008] Inaddition to the purely aesthetic impairment of the
overall visual appearance, for example in the case of concrete
paving slabs or building facades, efflorescence phenomena on
the material surfaces can also lead to limitations in the mate-
rial properties, such as, for example, to a deterioration of the
heat insulation properties or a decrease in the mechanical
strength owing to leaching of the binder.

[0009] Secondary efflorescence is understood as meaning
the effect that salts are dissolved by penetrating water and, by
capillary transport, reach the surface where they remain as
salt residue after evaporation of the water. This effect can be
suppressed by subsequent hydrophobing.

[0010] However, efflorescence occurs even during the
preparation of cement-bound systems, which cannot be sup-
pressed by hydrophobing which is carried out subsequently.
Efflorescence which occurs during the preparation is usually
referred to as primary efflorescence. Primary efflorescence is
presumably due to the fact that calcium hydroxide present is
converted on the material surface with carbon dioxide from
air into insoluble calcium carbonate.

SUMMARY OF THE INVENTION

[0011] The present invention provides an improved process
for hydrophobing cement-based/cement-containing materi-
als. In particular, the effect of efflorescence (secondary and
optionally primary) can be prevented. Primary efflorescence
is to be understood as meaning the formation/deposition of
salt crystals or salt-like crystals on the surface of cement-
based/cement-containing materials during the preparation, in
particular the hardening of the materials. The formation of
such primary efflorescence can, as mentioned above, lead to
damage to the material.

[0012] Surprisingly, the applicants of the present applica-
tion have found that cement-containing compositions which
have a proportion of organosilicon compounds of greater than
0.15% by weight, based on the proportion of cement, the
organosilicon compounds being based in each case on at least
one organosilicon compound selected from the group con-
sisting of the alkoxysilanes and of the alkoxysiloxanes, have
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substantially better water-repellent properties than the
cement-based compositions described in the prior art.
[0013] The present invention therefore relates to cement-
containing compositions which are characterized in that the
compositions have a proportion of organosilicon compounds
of greater than 0.15% by weight, based on the proportion of
cement, the organosilicon compounds being based on at least
one organosilicon compound selected from the group con-
sisting of the alkoxysilanes and at least one selected from the
group consisting of the alkoxysiloxanes.

[0014] The present invention also relates to a process for
increasing the water impermeability and/or reducing primary
efflorescence of hardened cement-containing compositions
by addition of an aqueous emulsion which has organosilicon
compounds that are based on at least one compound selected
from the group consisting of the alkoxysilanes and at least one
compound selected from the group consisting of the alkox-
ysiloxanes to a cement-containing, flowable mixture, charac-
terized in that emulsion is added to the mixture in an amount
such that the proportion of the organosilicon compounds in
the cement-containing composition is greater than 0.15% by
weight, based on the proportion of cement.

[0015] The process according to the invention has the
advantage that it is possible to dispense with a complicated
subsequent hydrophobing of the cement-containing compo-
sition. The cement-containing compositions according to the
invention have the advantage that the water impermeability
thereof is improved compared with the compositions
described in the prior art. The compositions according to the
invention also have the advantage that the occurrence of eftlo-
rescence is reduced. In particular, the compositions according
to the invention have the advantage that the occurrence of
primary efflorescence is reduced or prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 shows the dependence of the water absorp-
tion on the proportion of the organosilicon compound in the
form of a graph.

[0017] FIGS. 2A-2D are photographs of the test specimens
according to Example 8.0 after a test time according to
Example 9 of one hour (1 h), 24 hours (24 h), one week (1 W)
and two weeks (2 W), respectively.

[0018] FIGS. 3A-3D are photographs of the test specimens
according to Example 8.1c after a test time according to
Example 9 of one hour (1 h), 24 hours (24 h), one week (1 W)
and two weeks (2 W), respectively.

[0019] FIGS. 4A-4D are photographs of the test specimens
according to Example 8.2c after a test time according to
Example 9 of one hour (1 h), 24 hours (24 h), one week (1 W)
and two weeks (2 W), respectively.

[0020] FIGS. 5A-5D are photographs of the test specimens
according to Example 8.3c after a test time according to
Example 9 of one hour (1 h), 24 hours (24 h), one week (1 W)
and two weeks (2 W), respectively.

[0021] FIGS. 6 A-6D are photographs of the test specimens
according to Example 8.4c after a test time according to
Example 9 of one hour (1 h), 24 hours (24 h), one week (1 W)
and two weeks (2 W), respectively.

DETAILED DESCRIPTION OF THE INVENTION

[0022] The compositions according to the invention and a
process for the preparation thereof are described by way of
example below without the description being intended to
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limit the invention to these exemplary embodiments. Where
ranges, general formulae or classes of compounds are men-
tioned below, these are intended to comprise not only the
corresponding ranges or groups of compounds which are
explicitly mentioned but also all part-ranges and part-groups
of compounds which can be obtained by removal of indi-
vidual values (ranges) or compounds. Where documents are
cited in the present description, the complete content thereof
is intended to be part of the disclosure content of the present
invention. Where compounds, such as, for example, organo-
modified polysiloxanes, which may have different units sev-
eral times, are described within the scope of the present
invention, they may occur in random distribution (random
oligomer) or in an ordered manner (block oligomer) in these
compounds. Information on the number of units in such com-
pounds are to be understood as being average values, aver-
aged over all corresponding compounds.
[0023] The proportion of cement is preferably understood
as meaning the sum of all compounds selected from CaO,
Si0,, Al,O;, Fe,0; and CaSO,, the solid solutions thereof,
such as, for example, aluminium silicates, ferrosilicates or the
like, and the corresponding compounds containing water of
crystallization.
[0024] The cement-containing compositions according to
the invention are distinguished in that they have a proportion
of'organosilicon compounds of greater than 0.15% by weight,
preferably greater than 0.20 to 5% by weight, more preferably
greater than 0.25 to 1% by weight and particularly preferably
0.3 10 0.5% by weight, based on the proportion of cement, the
organosilicon compounds being based on at least one orga-
nosilicon compound selected from the group consisting of the
alkoxysilanes and at least one selected from the group con-
sisting of alkoxysiloxanes.
[0025] Of the organosilicon compounds, preferably
510 95% by weight are based on alkoxysilanes of the general
formula (1)

RL—Si—(OR?); 10}
in which
R'isanalkyl radical having 1 to 16, preferably 3 to 12, carbon
atoms, and
R? is an alkyl radical having 1 to 4 carbon atoms, preferably
a methyl or ethyl radical,
and

95 to 5% by weight are based on alkoxysiloxanes of the
general formula (II)

an
R3,—Si—(OR%),

Ouarny)2

in which

R? is an alkyl radical having 1 to 6 carbon atoms, and

R*is an alkyl radical having 1 to 4 carbon atoms, preferably
a methyl or ethyl radical,

ais 0.8to 1.2, and

bis0.2to1.2.

[0026] Of the organosilicon compounds, particularly pref-
erably

510 95% by weight are based on alkoxysilanes of the general
formula (1)

RL—Si—(OR?); 10}
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in which

R'isanalkyl radical having 1 to 16, preferably 3 to 12, carbon
atoms, and

R? is an alkyl radical having 1 to 4 carbon atoms, preferably
a methyl or ethyl radical,

and

95 to 5% by weight are based on a mixture consisting of
d1) a silane of the general formula (II)

R—Si—(OR%); (11D
in which
R? is an alkyl radical having 1 to 4 carbon atoms, preferably
a methyl or ethyl radical, and
R® denotes an aminoalkyl radical having 1 to 6 carbon atoms,
a radical of the general formula (IV)

H,N—(CH,),R"—(CH,),— av),
in which
R’ denotes a —O—, —S—, —NH— or —NH—CH,—

CH,—NH— radical,
X is greater than or equal to 2, and
y is greater than or equal to 2, or is a radical of the general
formula (V)
(R¥0)38i—(CH,),—NH—(CH,),— M,

in which R® denotes an alkyl radical having 1 to 4 carbon
atoms, preferably a methyl or ethyl radical, and
7 is greater than or equal to 2,

(VD
—C,H,,—0—CH,—CH—CH, ©F

vID)
—(CH)

n denotes an integer from 1 to 5,

and

d2) a polysiloxane of the general formula (VIII)
HO—[Si(R*),0],,—H (VIID)

in which

R? is identical or different and is a methyl or phenyl radical,

but at least 90% of the radicals R? are methyl radicals and m

is 20 to 250, the ratio of d1) to d2) is kept so that an SiOH

group of the compound d2) corresponds to >1 to 3 OR®

groups of the compound d1).

[0027] Preferred compositions are those in which, in the

organosilicon compounds,

R! is an alkyl radical having 3 to 8 carbon atoms,

R? is a methyl or ethyl radical,

R’ is an H,N—(CH,),— or an H,N—(CH,),—NH—

(CH,)— radical or a radical of the formulae

(Vla)
——(CH,)3;—O0—CH,—CH—CH, or
\/

Jun. 24, 2010

-continued
(VI

—(CHy)»

and
R? is exclusively a methyl radical, and
m has a value from 30 to 80.

[0028] Other preferred compositions are those in which up
to 50% by weight of the component d) are replaced by equal
amounts of a siloxane of the formula

R';—Si—(OR")

Ou-@+vy2)

where R'=alkyl radical having 1 to 8 carbon atoms or a phenyl
radical, R"=an alkyl radical having 1 to 4 carbon atoms, a=0.8
to 1.2 and b=0.2 to 1.2.

[0029] It may be advantageous if, in the composition
according to the invention, the organosilicon compounds are
at least one compound selected from the group consisting of
the alkoxysilanes and at least one compound selected from
the group consisting of the alkoxysiloxanes (and not only
based on these). This has the advantage that such compounds
are easy to prepare.

[0030] In a further advantageous embodiment of the com-
position according to the invention, the organosilicon com-
pounds are obtained by reacting at least one compound
selected from the group consisting of the alkoxysilanes and at
least one compound selected from the group consisting of the
alkoxysiloxanes. By the use of such organosilicon com-
pounds which are obtained by reaction, they can be particu-
larly readily tailored to the other constituents of the compo-
sition.

[0031] The reaction can be carried out at different tempera-
tures and pressures. Preferably, the reaction is effected at a
temperature of 150 to 200° C.

[0032] The amount of alkoxysiloxanes and alkoxysilanes
used in the reaction may vary over a wide range. Preferably,
the stoichiometric ratio of alkoxysiloxanes to alkoxysilanes is
from 1:1000 to 1000:1. The reaction is preferably carried out
in stoichiometric amounts.

[0033] The reaction can be effected completely or only
partly. In one embodiment, the reaction is preferably effected
completely.

[0034] The composition according to the invention may be,
for example, concrete or an artificial stone. This concrete or
these stones may be part of a larger architectural structure,
such as, for example, of a house, of a wall, of a bridge or the
like. The composition according to the invention can be used
for the production of structures, in particular roofs, floors,
walls and other elements of structures. The invention accord-
ingly also relates to architectural structures or parts thereof,
such as, for example, of a house, of a wall, of a bridge or the
like, for example roofs, floors, walls or the like, which were
obtained with the use of compositions according to the inven-
tion or contain the compositions according to the invention or
consist thereof.
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[0035] If the composition is a concrete, this may be a wet,
dry or semi-dry concrete. A concrete is designated as wet if it
has a weight ratio of water to cement of greater than 0.5. A
concrete is designated as semi-dry if it has a weight ratio of
water to cement of from 0.4 t0 0.5. A concrete is designated as
dry if ithas a weight ratio of water to cement 0 0.3 to less than
0.4. Preferably, the composition according to the invention is
a semi-dry concrete.
[0036] The cement-containing compositions according to
the invention can be obtained in various ways by mixing the
individual components. Preferably, cement-containing com-
positions according to the invention are obtained by the pro-
cess described below.
[0037] The process according to the invention for the
preparation of hardened cement-containing compositions, by
addition of an aqueous emulsion which has at least one orga-
nosilicon compound which is based on at least one compound
selected from the group consisting of the alkoxysilanes and at
least one compound selected from the group consisting of the
alkoxysiloxanes to a cement-containing, flowable mixture
and final hardening of the mixture is distinguished in that the
emulsion is added to the mixture in an amount such that the
proportion of the organosilicon compounds in the cement-
containing composition is greater than 0.15% by weight,
preferably 0.2 to 5% by weight, more preferably 0.25 to 1%
by weight and particularly preferably 0.3 to 0.5% by weight,
based on the proportion of cement. Preferably, the emulsion
added to the mixture has a proportion of 0.35 to 6.5% by
weight of organosilicon compounds, based on the emulsion.
[0038] Preferably >2% by weight, preferably 3% to 77% by
weight, preferably 4 to 7.7% by weight, of aqueous emulsion
is added to the mixture.
[0039] It may be advantageous if an emulsion, which pref-
erably has from 1 to 10% by mass, preferably from 3 to 5% by
mass, of one or more emulsifiers selected from anionic, cat-
ionic or nonionogenic emulsifiers and mixtures thereof is
used in the process according to the invention. If the preferred
proportion of emulsifiers is exceeded, this may lead to a
deterioration in the water repellency of the concrete or artifi-
cial stone. An emulsion which has nonionogenic emulsifiers,
i.e., adducts of alkylene oxides, preferably ethylene oxide,
with compounds having active hydrogen, such as fatty alco-
hols, alkylphenols, such as octylphenol, nonylphenol or
dodecylphenol, is preferably used. The content of oxyethyl-
ene units should preferably be so high that the HLB value of
the emulsifiers is from 6 to 20, preferably 10 to 18.
[0040] Emulsions preferably used in the process according
to the invention are those which have organosilicon com-
pounds which are based on
510 95% by weight of alkoxysilanes of the general formula (1)
—Si—(OR?), 0]
in which
R'isan alkyl radical having 1 to 16, preferably 3 to 12, carbon
atoms, and
R? is an alkyl radical having 1 to 4 carbon atoms, preferably
a methyl or ethyl radical,
and
95 to 5% by weight of alkoxysiloxanes of the general formula

ay

II
R3,—Si—(OR%),

Op-@ty2)
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in which

R? is an alkyl radical having 1 to 6 carbon atoms, and

R* is an alkyl radical having 1 to 4 carbon atoms, preferably

a methyl or ethyl radical,

ais 0.8to 1.2, and

bis0.2to1.2.

[0041] Emulsions preferably used in the process according

to the invention are those which have organosilicon com-

pounds which are based on

510 95% by weight of alkoxysilanes of the general formula (1)
RL—Si—(OR?); 10}

in which

R'isanalkyl radical having 1 to 16, preferably 3 to 12, carbon

atoms, and

R? is an alkyl radical having 1 to 4 carbon atoms, preferably

a methyl or ethyl radical,

and

95 to 5% by weight of a mixture consisting of

dl) a silane of the general formula (I1I)

RS—Si—(OR%); (IIT)
in which
R? is an alkyl radical having 1 to 4 carbon atoms, preferably
a methyl or ethyl radical, and

R® denotes an aminoalkyl radical having 1 to 6 carbon atoms,
a radical of the general formula (IV)

H2N7(CH2)XR77(CH2)y7 vy,
[0042] in which
[0043] R’ denotesa—O—, —S—,—NH—or—NH—

CH,—CH,—NH— radical,

[0044] x is greater than or equal to 2 and
[0045] yis greater than or equal to 2, or is a radical of the
general formula (V)
(R®0);8i—(CH,),—NH—(CH,),— M,
[0046] in which

[0047] R® denotes an alkyl radical having 1 to 4 carbon
atoms, preferably a methyl or ethyl radical, and
[0048] =z is greater than or equal to 2,

(VD
—C,H,,—0—CH,—CH—CH, or

[¢]
(Vla)
——(CH,);—O—CH,—CH—CH, or
\/
(VI
—(CHy),
O
[0049] and n denotes an integer from 1 to 5,
and
d2) a polysiloxane of the general formula (VIII)
HO[Si(R%),0],,—H (VIID)

in which

R? is identical or different and is a methyl or phenyl radical,
but at least 90% of the radicals R® are methyl radicals, and m
is 20 to 250, the ratio of' d1) to d2) being kept so that an SIOH
group of the compound d2) corresponds to >1 to 3 OR®
groups of the compound d1).
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[0050] Emulsions particularly preferably used in the pro-
cess according to the invention are those which have organo-
silicon compounds which are based on compounds of the
formulae I, 11T and VIII and in which

[0051] R'isanalkyl radical having 3 to 8 carbon atoms,
[0052] R?is a methyl or ethyl radical,
[0053] R’is an H,N—(CH,);— or an H,N—(CH,),—

NH—(CH,)— radical or a radical of the formulae

(Vla)
——(CH,)3;—O0—CH,—CH—CH, or
\/

vID)
—(CHy)

[0054] and

[0055] R?is exclusively a methyl radical and

[0056] m has a value from 30 to 80.
[0057] Itmay be advantageous if organosilicon compounds
in which up to 50% by weight of the component d) are
replaced by equal amounts of a siloxane of the formula IX

(IX)
R’,—Si— (OR"),

Ou-arny2)

where R' alkyl radical having 1 to 8 carbon atoms or a phenyl
radical, R" an alkyl radical having 1 to 4 carbon atoms, a=0.8
to 1.2 and b=0.2 to 1.2, are used.

[0058] The preparation of the emulsion according to the
invention can be effected in such a way that the constituents
are emulsified separately or a mixture of the constituents is
emulsified together. Preferably, the emulsifier is added to the
component to be emulsified (or to a mixture thereof) and the
emulsifier-containing mixture is optionally heated. The water
is then added to this mixture with thorough stirring. The
emulsion forming or formed can be homogenized by means
of suitable stirring apparatuses, which preferably operate
according to the rotor/stator principle. It may be advanta-
geous to use colloid mills for reducing the particle size of the
emulsified phase.

[0059] The organosilicon compounds used in the process
according to the invention can be obtained by reacting at least
one compound selected from the group consisting of the
alkoxysilanes and at least one compound selected from the
group consisting of the alkoxysiloxanes. The reaction can be
effected as described above.

[0060] The final hardening can be effected in air, and it may
be necessary to introduce additional water for complete
hydration.

[0061] The present invention is illustrated in more detail by
FIG. 1 without it being intended to limit the invention thereto.
Specifically, FIG. 1 shows the dependence of the water
absorption on the proportion of the organosilicon compound
in the form of a graph. Usually, in the hydrophobing, a reduc-
tion of the water absorption by more than 70% is designated
as good. As shown in FIG. 1, a reduction of the water absorp-
tion by more than 70% is achieved only on addition of more
than 0.1% by mass of organosilicon compounds.
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[0062] The subject of the present invention will be
explained in more detail below with reference to examples,
without it being intended to limit the scope of protection of
the invention, which is evident from the description and the
patent claims, to these exemplary embodiments.

EXAMPLES
Example 1

Preparation of an Emulsion to be Used According to
the Invention

[0063] 6.86 g of gamma-aminopropyltriethoxysilane (Dy-
nasylan® AMEO, Evonik Degussa GmbH) were mixed with
93.14 g of a polysiloxanediol (terminal OH groups) having an
average molecular weight (weight average) of 4000 (g/mol).
This gave a molar ratio of polysiloxanediol:aminoalkylsi-
lane=3:4. 150 g of octyltriethoxysilane were added to the
mixture.

[0064] 25 g of an emulsifier mixture consisting of an
ethoxylated triglyceride having an HLLB value of 18 and an
ethoxylated fatty alcohol having an HLB value of 11 in the
weight ratio of 6:4 were dissolved in 225 g of water. The
silane/siloxane mixture was stirred into this solution and pro-
cessed by means of an emulsifying machine (gap homog-
enizer) to give a stable emulsion.

Example 2

Preparation of an Emulsion to be Used According to
the Invention

[0065] A mixture of 100 g of polysiloxanediol having a
molecular weight of 6803 (g/mol) and 32.5 g of gamma-
aminopropyltriethoxysilane (Dynasylan® AMEO, Evonik
Degussa GmbH) was heated to 180° C. with stirring and
while passing through nitrogen and was kept at this tempera-
ture for about 4 hours until 8.8 g of ethanol had been expelled.
The product formed was then cooled to room temperature.

[0066] 125 g of this product were mixed with 125 g of
isobutyltrimethoxysilane. 20 g of an emulsifier mixture con-
sisting of an ethoxylated alkylphenol and a methyl-polyoxy-
ethylene(15)cocoammonium chloride in the weight ratio 1:1
were added to the formulation and, after addition of 355 g of
water, the mixture was processed with an apparatus operating
according to the rotor/stator principle to give an emulsion.

Example 3

Preparation of an Emulsion to be Used According to
the Invention

[0067] 3200 g of polysiloxanediol having an average
molecular weight of 10 666 g/mol and 94.4 g of 3-glycidy-
loxypropyltrimethoxysilane (Dynasylan® GLYMO, Evonik
Degussa GmbH) were mixed with one another. This mixture
was heated to 170° C. while stirring and passing through
nitrogen. After about 5 hours, 11.5 g of methanol had been
expelled. The reaction product formed was then cooled to
room temperature (23° C.).

[0068] 25 g of an emulsifier mixture consisting of an
ethoxylated fatty alcohol and an alkylaryl sulphonate in a
ratio of 3:7 were dissolved in 225 gof' water. This solution was
mixed with 140 g of the reaction product obtained above and
110 g of n-propyltriethoxy-silane. The coarse emulsion
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obtained was pumped three times through a gap homogenizer.
A stable emulsion was formed.

Example 4

Preparation of an Emulsion to be Used According to
the Invention

[0069] 5.15 g of gamma-aminopropyltriethoxysilane (Dy-
nasylan® AMEO, Evonik Degussa GmbH) were mixed with
69.85 g of polysiloxanediol having a molecular weight of
4000 and 25 g of a siloxane of the general formula (X)

. (0.9]
CH;— Tl —(OC,Hs)o-

O4.1+0.4)
2

150 g of octyltriethoxysilane were added to the mixture.
[0070] 25 gofan emulsifier mixture consisting of a triglyc-
eride having an HLB value of 18 and an ethoxylated fatty
alcohol having an HL.B value of 11 in the weight ratio of 6:4
were dissolved in 225 g of water. The solution was stirred into
the silane/siloxane mixture and processed by means of an
emulsifying machine (gap homogenizer) to give a stable
emulsion.

Example 5

[0071] 3.43 g of gamma-aminopropyltriethoxysilane were
mixed with 46.57 g of a polysiloxanediol having a molecular
weight of 4000 and 50 g of'a SILOXANE of the GENERAL
formula (XI)

XD
CHz;— ?i —(0CHs)ogs-

O4_(1+0.65)
2

150 g of octyltriethoxysilane were added to the mixture.
[0072] 25 gofan emulsifier mixture consisting of a triglyc-
eride having an HLB value of 18 and an ethoxylated fatty
alcohol having an HL.B value of 11 in the weight ratio of 6:4
were dissolved in 225 g of water. The solution was stirred into
the silane/siloxane mixture and processed by means of an
emulsifying machine (gap homogenizer) to give a stable
emulsion.

[0073] Testing of Performance Characteristics
Example 6
Production of Test Specimens
[0074] The emulsions were used for the preparation of a

cementitious mixture. For this purpose, those amounts of
emulsion and cement constituents which are stated in the
following examples were mixed in a concrete mixer. The
mass ratio of sand to cement was 3:1. The weight ratio of
water to cement was 0.4. The cement used was standard
cement CEM 142.5 R.

[0075] Artificial stones having a height of 50 mm, width of
50 mm and length of 160 mm were cast as test specimens
from this composition. After drying for 28 days under stan-
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dard climatic conditions (23° C., 50% relative humidity) in a
conditioned chamber, the water absorptivity was determined
as described below.

Example 7
Determination of the Water Absorption

[0076] After determination of the weight of the respective
test specimen, the latter was stored under water for 24 hours.
The water column above was 5 cm. After removal, the exter-
nally adhering water was removed with filter paper. The test
specimens were weighed again. The water absorption was
calculated according to the following formula:

water absorption (% by mass)=(a—b)*100/b,

where a is the weight of the test specimen after storage in
water and b is the weight of the test specimen before storage
in water.

[0077] According to Example 6, test specimens which
comprised an amount of emulsion according to Example 1
such that the content of organosilicon compounds, based on
the proportion of cement, was 0, 0.1,0.2, 0.3, 0.4 and 0.5% by
mass were produced.

[0078] The result of the determination of the water absorp-
tion is shown in Table 1.

TABLE 1

Results of Example 7

Content of organosilicon compounds (%

by mass) Water absorption (% by mass)
0 7.8
0.1 44
0.2 2.4
0.3 1.8
0.4 1.1
0.5 0.9

[0079] InFIG.1, the resultis plotted in the form of a graph.
It is clearly evident that the desired reduction of the water
absorption by 70% or more is achieved only from a content of
organosilicon compounds of more than 0.1% by mass.

Example 8
Determination of the Capillary Water Absorption

[0080] The method serves for determining the water
absorption of building materials which form through capil-
lary or absorptive forces. The water absorption per unit area is
determined without significant excess pressure by surface
wetting on the basis of DIN 52617.

[0081] Material and Reagents

[0082] The test specimens were cut to the size 50 mmx50
mmx50 mm.

[0083] Laboratory balance (0.1 g indication)

[0084] Immersion container with plastic grating

[0085] Waterbath with water-saturated flexible polyure-

thane foam (25-30 g/1 density)

[0086] Crucible tongs
[0087] Stopwatch
[0088] After being reduced to the abovementioned size, the

test specimens produced as in Example 6 were stored on the
water-saturated flexible polyurethane foam. As a result of
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their own weight, the samples press water out of the foam so
that continuous contact of the resting surface with the water is
ensured.
[0089] By weighing after 1 h, 4 h, 9 h and 25 h, the water
absorption in g/m> was monitored. Before each weighing,
superficial adhering water was dripped oft with an absorptive
paper cloth. Sufficiently good water repellency is present if
reduction of the water absorption by greater than or equal to
70%, based on the blank value, is achieved.
[0090] Test specimens which were produced by using the
compositions according to Example 6, mentioned in Table 2,
were used. In the table, the meanings are as follows
[0091] Rheopel: Rheopel® Plus, BASF SE, silane-based
water repellent.
[0092] CSD: Nopcote® CSD, a 50% strength calcium
stearate dispersion, obtainable from GEO Specialty
Chemicals.

[0093] IE6694: Water-dilutable, silicone-containing
composition for water-repellent treatment of porous
construction materials from Dow Corning®.

TABLE 2

Composition of the test specimens for Example 8

Proportion by mass, based on the

Example  Water repellent proportion of cement
8.0 none 0

8.1a according to Example 1 0.2

8.1b according to Example 1 0.4

8.1c according to Example 1 0.8

8.1d according to Example 1 1.66

8.2a Rheopel 0.2

8.2b Rheopel 0.4

8.2¢ Rheopel 0.8

8.2d Rheopel 1.66

8.3a CSD 0.2

8.3b CSD 0.4

8.3¢c CSD 0.8

8.3d CSD 1.66

8.4a IE 6694 0.2

8.4b IE 6694 0.4

8.4c IE 6694 0.8

8.4d IE 6694 1.66
[0094] The results of the capillary water absorption as a

function of time are listed in Table 3.

TABLE 3

Results of the determination of the capillary water absorption
(after 0.5, 1,2.4.9 and 25 hours)

Example 0.5h 1h 2h 4h 9h 25h

8.0 3047 4219 585.9 867.2 1156.3 1562.5
8.1a 23.4 39.1 78.1 140.6 234.4 429.7
8.1b 0.0 0.0 234 85.9 164.1 335.9
8.1¢c 0.0 7.8 39.1 85.9 148.4 265.6
8.1d 0.0 15.6 54.7 101.6 148.4 257.8
8.2a 62.5 101.6 1484 2422 351.6 585.9
8.2b 70.3 117.2 1484 2187 289.1 484.4
8.2¢ 39.1 70.3 93.8 156.3 218.7 375.0
8.2d 15.6 46.9 85.9 140.6 195.3 320.3
8.3a 398.4  500.0 601.6  750.0 890.6 1148.4
8.3b 414.1 507.8 617.2 7344 851.6 1062.5
8.3¢ 304.7  351.6 4375 531.2 570.3 718.7
8.3d 2109  289.1 3438 4375 562.5 593.8
8.4a 195.3 281.3 382.8 5469 718.8 992.2
8.4b 70.3 117.2 187.5 296.9 375.0 554.7
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TABLE 3-continued

Results of the determination of the capillary water absorption
(after 0.5, 1,2, 4,9 and 25 hours)

Example 05h 1h 2h 4h 9h 25h
8.4c 101.6 1328 1953 2734 3516 507.8
8.4d 547 1016 1172 1641 2187 351.6
[0095] The results clearly show that compositions accord-

ing to the invention exhibit a substantially lower capillary
water absorption than the compositions known to date.

Example 9

Optical Determination of the Tendency to Form
Efflorescence

[0096] Investigations of the occurrence of efflorescence
were carried out with test specimens according to Examples
8.0, 8.1c, 8.2c, 8.3c and 8.4c of Table 8, produced as
described in Examples 6 and 8. For this purpose, the stones
were stored for up to 2 weeks in a 10% strength by mass
aqueous sodium sulphate solution, the solution standing
about 3 mm above the top of the test specimen. A check is
carried out to determine whether the sodium sulphate solution
penetrates and leaves behind salt deposits on the surface after
drying.

[0097] FIGS. 2A, 3A, 4A, 5A and 6A are photographs of
the test specimens after a test time of one hour (1 h). FIGS.
2B, 3B, 4B, 5B and 613 are photographs of the test specimens
after a test time of 24 hours (24 h), FIGS. 2C, 3C, 4C, 5C and
6C are photographs of the test specimens after a test time of
one week (1 W). FIGS. 2D, 3D, 4D, 5D and 6D are photo-
graphs of the test specimens after a test time of two weeks (2
W). It is clearly evident that the use of the compositions
according to the invention (see, FIGS. 3A-3D) lead to excel-
lent efflorescence behavior of the test specimens.

[0098] While the present invention has been particularly
shown and described with respect to preferred embodiments
thereof, it will be understood by those skilled in the art that the
foregoing and other changes in forms and details may be
made without departing from the spirit and scope of the
present invention. It is therefore intended that the present
invention not be limited to the exact forms and details
described and illustrated, but fall within the scope of the
appended claims.

What is claimed is:

1. A cement-containing composition comprising a propor-
tion of organosilicon compounds of greater than 0.15% by
weight, based on the proportion of cement, said organosilicon
compounds are based on at least one organosilicon compound
selected from the group consisting of alkoxysilanes and at
least one selected from the group consisting of alkoxysilox-
anes.

2. The composition according to claim 1, wherein said
organosilicon compounds are based on

a) 5to 95% by weight of alkoxysilanes of general formula

@

RL—Si—(OR?); 10}
in which
R! is an alkyl radical having 1 to 16 carbon atoms, and
R? is an alkyl radical having 1 to 4 carbon atoms,
and
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b) 95 to 5% by weight of alkoxysiloxanes of general for-
mula (1)

009
R3,—Si—(OR%),

O-@+p)12

in which

R? is an alkyl radical having 1 to 6 carbon atoms,

R* is an alkyl radical having 1 to 4 carbon atoms,

ais 0.8 to 1.2, and

bis02to 1.2

3. The composition according to claim 1 wherein said

organosilicon compounds are based on

¢) 5 to 95% by weight of alkoxysilanes of general formula
@
RL—Si—(OR?); 10}

in which

R! is an alkyl radical having 1 to 16 carbon atoms, and

R? is an alkyl radical having 1 to 4 carbon atoms,

and

d) 95 to 5% by weight of a mixture consisting of

dl) a silane of general formula (III)

R—Si—(OR%); (11D
in which
R? is an alkyl radical having 1 to 4 carbon atoms,
R® denotes an aminoalkyl radical having 1 to 6 carbon

atoms,
a radical of general formula (IV),

H,N—(CH,),R™—(CHy), awy,
in which
R’ denotes a —O—, —S—, —NH— or —NH—CH,—
CH,—NH— radical,
X is greater than or equal to 2, and

y is greater than or equal to 2, or is a radical of general
formula (V)

(R¥0)38i—(CH,),—NH—(CH,),— M,
in which
R® denotes an alkyl radical having 1 to 4 carbon atoms, and
7 is greater than or equal to 2,

(VD
—C,H,,—O0—CH,—CH—CH, or

[¢]
vID)
—(CH)

and n denotes an integer from 1 to 5,
and
d2) a polysiloxane of general formula (VIII)

HO—[Si(R*),0],,—H (VIID)
in which
R? is identical or different and is a methyl or phenyl radical,

but at least 90% of the radicals R® are methyl radicals
and m is 20 to 250, the ratio of d1) to d2) being kept so
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that an SiOH group of the compound d2) corresponds to
>1 to 3 OR® groups of the compound d1).

4. The composition according to claim 3, wherein

R! is an alkyl radical having 3 to 8 carbon atoms,

R? is a methyl or ethyl radical,

R’ is an H,N—(CH,);— or an H,N—(CH,),—NH—
(CH,)— radical or a radical of formula

(Vla)
——(CH,)3;—0—CH,—CH—CH, or
\/

vID)
—(CHa),

and

R? is exclusively a methyl radical, and

m has a value from 30 to 80.

5. The composition according to claim 3, wherein up to
50% by weight of the component d) are replaced by equal
amounts of a siloxane of formula

R',—Si—(OR");

Ou-@+vy2)

where R'=alkyl radical having 1 to 8 carbon atoms or a
phenyl radical, R"=an alkyl radical having 1 to 4 carbon
atoms, a=0.8 to 1.2 and b=0.2 to 1.2.

6. The composition according to claim 1, wherein said
organosilicon compounds are at least one compound selected
from the group consisting of the alkoxysilanes and at least one
compound selected from the group consisting of the alkox-
ysiloxanes.

7. The composition according to claim 1, wherein said
organosilicon compounds are obtained by reacting at least
one compound selected from the group consisting of the
alkoxysilanes and at least one compound selected from the
group consisting of the alkoxysiloxanes.

8. The composition according to claim 7, wherein the reac-
tion is carried out at a temperature of 150° C. to 200° C.

9. The composition according to claim 1, wherein said
composition is in the form of concrete or an artificial stone.

10. A process for the preparation of a hardened cement-
containing composition comprising:

adding an aqueous emulsion to a cement-containing, flow-
able mixture, wherein said aqueous emulsion includes
organosilicon compounds which are based on at least
one compound selected from the group consisting of
alkoxysilanes and at least one compound selected from
the group consisting of alkoxysiloxanes, and said aque-
ous emulsion is added in an amount such that the pro-
portion of the organosilicon compounds in the cement-
containing, flowable composition is greater than 0.15%
by weight, based on the proportion of cement; and

hardening the mixture.

11. The process according to claim 10, wherein the aque-
ous emulsion is added has a proportion of 1 to 75% by weight
of organosilicon compounds, based on the emulsion.
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12. The process according to claim 10, wherein more than
2% by weight of aqueous emulsion is added to the mixture.

13. The process according to claim 10, wherein said emul-
sion is used which has 1 to 10% by mass of one or more
emulsifiers selected from anionic, cationic and nonionogenic
emulsifiers or mixtures.

14. The process according claim 10, wherein said organo-
silicon compounds are based on

a) 5 to 95% by weight of alkoxysilanes of general formula

@

RL—Si—(OR?), 0]

in which

R! is an alkyl radical having 1 to 16 carbon atoms, and

R? is an alkyl radical having 1 to 4 carbon atoms,

and

b) 95 to 5% by weight of alkoxysiloxanes of general for-
mula (1)

il
R3,—Si—(OR%),

Op-@ty2)

in which

R? is an alkyl radical having 1 to 6 carbon atoms,

R* is an alkyl radical having 1 to 4 carbon atoms,

ais 0.8 to 1.2, and

bis02to 1.2

15. The process according to claim 10 wherein said orga-

nosilicon compounds are based on

¢) 5 to 95% by weight of alkoxysilanes of general formula
@
RL—Si—(OR?); 10}

in which

R' is an alkyl radical having 1 to 16 carbon atoms and

R? is an alkyl radical having 1 to 4 carbon atoms,

and

d) 95 to 5% by weight of a mixture consisting of

d1) a silane of the general formula (IIT)

R—Si—(OR%); (11D
in which
R? is an alkyl radical having 1 to 4 carbon atoms,
R® denotes an aminoalkyl radical having 1 to 6 carbon

atoms,
a radical of general formula (IV)

H,N—(CH,),R™—(CHy), ),
in which

R’ denotesa—O—, —S—, —NH—or—NH—CH,—
CH,—NH— radical,

X is greater than or equal to 2, and

y is greater than or equal to 2, or is a radical of general
formula (V),

(R¥0)38i—(CH,),—NH—(CH,),— M,

in which R® denotes an alkyl radical having 1 to 4 carbon
atoms, and
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7 is greater than or equal to 2,

(VD
—C,H,,—0—CH,—CH—CH, or
\/

vID)
—(CHa),

and n denotes an integer from 1 to 5,

and

d2) a polysiloxane of general formula (VIII)
HO—[Si(R%),0],,—H (VIID)

in which

R? is identical or different and is a methyl or phenyl radical,
but at least 90% of the radicals R” are methyl radicals
and m is 20 to 250, the ratio of d1) to d2) being kept so
that an SiOH group of the compound d2) corresponds to
>1 to 3 OR’ groups of the compound d1).

16. The process according to claim 15, wherein

R! is an alkyl radical having 3 to 8 carbon atoms,

R? is a methyl or ethyl radical,

R’ is an H,N—(CH,);— or an H,N—(CH,),—NH—
(CH,)— radical or a radical of formula

(Vla)
——(CH,)3;—0—CH,—CH—CH, or
o
(VI

—(CHy)»

and

R? is exclusively a methyl radical and

m has a value from 30 to 80.

17. The process according to claim 15, wherein up to 50%
by weight of the component d) are replaced by equal amounts
of a siloxane of formula

R’,—Si— (OR"),

Ou-ay2)

where R'=alkyl radical having 1 to 8 carbon atoms or a
phenyl radical, R"=an alkyl radical having 1 to 4 carbon
atoms, a=0.8 to 1.2 and b=0.2 to 1.2.

18. The process according to claim 10, wherein said orga-
nosilicon compounds are obtained by reacting at least one
compound selected from the group consisting of the alkox-
ysilanes and at least one compound selected from the group
consisting of the alkoxysiloxanes.

19. The process according to claim 18, wherein the reaction
is carried out at a temperature of 150° C. to 200° C.

20. Structures or parts thereof which contain a composition
according to claim 1.



